Exposé
The maintenance of a favorable climate accounts for the most challenging contemporary global governance predicament that seems to pit today's generation against future world inhabitants in a trade-off of economic growth versus sustainability. The following paper starts with a review survey of the current climate policies (e.g., cap & trade, carbon tax, green energy) outlining that the burden of climate change aversion -including the cost of mitigation and adaptationis unevenly distributed by falling mostly on the current generation. The excess burden for current generations has also been implicit in the work of the typical Integrated Assessment Model, IAM, (Nordhaus 2008) , contemporary threshold as well as other mitigation and adaptation models, e.g., social cost of carbon. Innovative intertemporal fiscal policy approaches (e.g., of Jeffrey Sachs) will guide the development of a basic framework employing the IAM to study how an efficient and fair allocation of efforts towards mitigation and adaptation can be achieved. The empirical investigation will introduce elements of the intertemporal burden sharing model, by a Policy-Mix of Carbon Tax and Climate Bonds. Preliminary work of this type can be found in Sachs (2014) , which will be integrated into a large scale IAM. Starting with an overlapping-generations framework, the proposed paper is targeted at solving the climate change abatement aversion in the fear of costs curbing economic growth which offers some innovative ideas in a continuous time framework with finite horizon. The current generation thereby mitigates climate change financed through carbon tax and bond issuing to remain financially as well off as without mitigation while improving environmental well-being of future generations. This intergenerational tax-and-transfer policies turn climate change mitigation into a Pareto improving strategy. This elementary but very innovative model by Sachs (2014) will be integrated in contemporary growth and economic climate models in order to analyze how a new way of funding, climate bonds, can be phased into climate policies to obtain socially optimal solutions in an IAM. A starting point of this large scale model is in particular the model by Klasen et al. (2015) , which includes both the allocation of funds to mitigation and adaptation as well as funding those costs through climate bonds. To solve, calibrate and test such a new model of climate change policies and to show that such a debt augmented growth model stays within the bounds of a sustainable fiscal policy will help solve complex dynamic optimization problems with different nonlinearities for a finite decision horizon. The paper will thereby analyze micro-and macroeconomic insights on the wellbalanced harmonization of climate change mitigation and adaptation in order to provide public policy recommendations. As a novel angle towards climate justice, the paper overall offers as outcomes: (1) the introduction of IAM -into a large scale -as a way to derive behavioral climate policies. (2) Climate bonds introduced as a means of intergenerational climate change burden sharing to elicit future-oriented climate justice for posterity. (3) A well-balanced climate mitigation and adaptation public policy mix guided by macroeconomic analysis results. Overall, shifting the costs for climate abatement to the recipients of the benefits of climate bonds appears as novel, feasible and easily-implementable solution to nudge overlapping generations towards future-oriented loss aversion. Adding onto the contemporary idea and practice of carbon tax and climate bonds, the proposed paper shows how this practice can be given some foundation in the context of large scale IAM models with a larger role of the public sector. Alongside providing incentives to channel funds into climate policies, the article also retrieves information on the interplay of climate change mitigation and adaptation policies for ensuring sustainable growth.
Introduction
Climate change accounts for one of the most pressing problems in the age of globalization as for exacerbating more complex risks than ever before. As never before in history since the birth of the earth, there is an environmental sensitivity to economic growth (Centeno and Tham 2012; Rovenskaya 2005; The World Economic Forum Report 2015) .
While classic economics portrayed balancing the interests of different generations as ethical problem of competitive markets requiring governance for intergenerational transfers and some economists even opposed discounting of future utilities (Allais 1947; Harrod 1948; Ramsey 1928) ; climate change has leveraged intergenerational equity as contemporary challenge of modern democracy and temporal justice an ethical obligation for posterity.
Uncertainty arising in assessment of economic growth in relation to climate change creates an unprecedented predicament for scientists and global governance technocrats (Rovenskaya 2008) . Intertemporal questions arise whether to invest in abatement today -in order to prevent negative effects of global warming -or to delay investment until more information on climate change is gained (Rovenskaya 2008) . In general, resources are balanced across generations by social discounting to weight the well-being of future generations relative to those alive today. Regarding climate justice, current generations are called upon to make sacrifices today for future generations to cut carbon emissions to avert global warming (Sachs 2014) . Climate change mitigation at the expense of lowered economic growth seems to pit the current generation against future ones. Costly climate change abatement prospects are thus hindering currently necessary action on climate change given a shrinking time window prior to reaching tipping points that make global warming irreversible (Oppenheimer, O'Neill, Webster and Agrawal 2011) .
As a novel alternative, Sachs (2014) proposes to fund today's climate mitigation through an intertemporal fiscal policy mix backed by climate bonds and carbon tax (Marron and Morris 2016) . Bonds are debt investment in which investors loan money to an entity, which borrows the funds for a defined period of time at a variable or fixed interest rate. Bonds are primarily used by companies, municipalities, states and sovereign governments to raise money and finance a variety of future-oriented long-term projects and activities. This solution appears as real-world relevant means to tap into the worldwide USD 80 trillion bond market in order to fund the incentives to a transition to a sustainable paths (Flaherty, Gevorkyan, Radpour & Semmler 2016; World Bank 2015) . Carbon tax will also be introduced. Sharing the costs of climate change aversion between and across generations appears as important strategy to instigate immediate climate change mitigation through incentivizing emission reduction and provide adaptation (Puaschunder 2016a) . Overall this turns climate change burden sharing into a Pareto improving option over time (Puaschunder 2016b ).
Mitigation and adaptation policies against climate risk: Recent IPCC research, international conferences on climate change and fund raising activities to combat global warming stress now that it is advisable to pursue both mitigation as well as adaptation policies Semmler 2009, 2012; Flaherty et al. 2016) . While climate justice will require both, climate change mitigation and adaptation, concurrently, no macroeconomic model exists to date that considers both approaches at once (Greiner, Semmler and Mette 2008) . In addition, we lack information on the possible interdependencies, tradeoffs and reciprocal influences between climate change mitigation and adaptation (Bernard, Greiner and Semmler 2012) . Therefore, the climate change mitigation and adaptation practices that are already in place -or are planned to be established -that help to buffer climate risk arising from weather extremes such as sea level rise, flooding, severe droughts, desert formation, storms, and hurricanes will be captured and analyzed in order to derive real-world relevant public policy recommendations on climate justice implementation.
Climate justice and burden sharing: While intergenerational burden sharing on climate change is a novel economically superior strategy and real-world relevant emergent risk prevention means (Centeno et al. 2013) ; we currently lack information on the impact of climate mitigation through debt on economic growth and the model's sustainability over time.
Emissions trading schemes (ETS) and carbon tax policies are widely discussed as viable mitigation strategies, the revenue from which might then be used for adaptation efforts (Flaherty et al., 2016) . The paper therefore builds on Sachs' (2014) intergenerational burden sharing idea by presenting a baseline and 2-phase policy intervention climate change burden sharing model through fiscal policy (with bond issuing and taxation) and reflect the implementation regarding contemporary finance and growth models with respect for maximizing utility of the model (Chiarella, Hsiao and Semmler 2007) .
Empirically, the a DICE-type model of neoclassical economic growth theory and global warming should employ a simple Nordhaus type Integrated Assessment Model (IAM), to be calibrated by empirical facts in order to outline that there is a better way to deal with this problem (Nordhaus, 1994; Nordhaus & Boyer, 2001 ). The implementation of climate change avoidance, and the adaptation against the coming climate risk seem to pit today's against future generations in the trade-off of economic growth versus sustainability.
Starting with a recent paper by Jeffrey Sachs (2014) , and building in a direct carbon tax, is a novel angle towards climate justice that is introduced in order to find a behavioral economics solution to elicit future-oriented loss aversion. First, in an overlapping-generations type model and then as a continuous time IAM, the following paper elucidates climate change abatement and mitigation policies which lead to a fairer solution across generations. Building on preliminary results, the article provides real-world relevant means how to implement climate justice on a long-term scale (Flaherty et al. 2016 
Climate Justice
Society as a whole outlasts individual generations. Pareto optimality for society over time differs from the aggregated individual generations' preferences. As the sum of individual generations' preferences does not necessarily lead to societally favorable outcomes over time (Bürgenmeier 1994; Klaassen and Opschoor 1991) , discounting based on individual generations' preferences can lead to an unjust advantage of living generations determining future living conditions (Rawls 1971) . In general, intergenerational balance is therefore accomplished through individual saving decisions of the present generation (Bauer 1957) .
Policies curbing preferences and taxes distributing welfare between the present and future generation may, however, decrease economic growth.
In order to avoid governmental expenditure on climate change hindering economic growth (Barro 1990 system that will increase the overall economic burden on the tax system should be used to reduce the burden of climate change and encourage economic growth through subsidies (Chancel & Piketty 2015) . Other options to promote growth include investing in infrastructure, education, research and development, and other activities that expand the productive capacity of the economy (Marron & Morris 2016) . Public investment is turned into public capital for raising productivity of market production through transport systems (roads, bridges, harbors) and utilities (for example water supply); facilitating the formation of human capital via health services and education.
Fiscal policy ensures debt sustainability, when governments can borrow to undertake public investment (Semmler, Greiner, Diallo, Rezai, and Rajaram 2007) . When the government issues bonds that 'borrow' from future generations for undertaking public investments for carbon emissions, the implication of this type of expenditure is that along the transition path, this will raise the growth rate of the overall public infrastructure (Gevorkyan and Semmler 2015; ). This higher level brings a distortion into the model by raising the marginal product of private capital. As a consequence, the investment share is increased and the growth rate of consumption rises implying higher welfare after a sufficiently long adjustment period.
Note that this also leads to higher growth of physical and human capital and these growth effects only hold on the transition path (Klasen, Maurer, Semmler and Bonen 2015) . In the long-run, higher public investment leads to higher levels of output and consumption but does not affect the growth rate of endogenous variables (Semmler et al. 2011 ).
Since here borrowing equals loans or issuing of bonds to be paid back by future generations, the government must pay back debt plus interest payments by raising taxes (Klasen et al. 2015) . Countries must check whether fiscal policies are such that they fulfill the inter-temporal budget constraint, whereby per-capita government debt at time zero must equal the discounted stream of future primary surpluses. Sustainability is ensured if the government adjusts the primary surplus to GDP ratio to variations in the debt-GDP ratio -a test independent of the interest rate conditions. Bohn (1998) suggests to test whether the primary deficit-to-GDP ratio is a positive linear function of the debt-to-GDP ratio. Testing a no-Ponzi game condition, public (net) debt at time zero must equal the expected present value of future primary surpluses.
Building on Semmler's and Klasen's modeling of economic costs and benefits of public investment in climate change-adaptive infrastructure outlining the trade-off between mitigation and adaptation and a dynamic, nonlinear model of these trade-offs in a closed economy (Klasen 2012) ; Klasen et al. (2015) modeled real-world climate change mitigation and adaptation trade-offs. The link of climate change mitigation and adaptation initiatives at the regional level helped develop real world-relevant climate change policy prescriptions for governments, private sector stakeholders as well as IPCC executives. Based on the preliminary findings of the developing countries' optimal policy mix to combat climate change (Klasen et al. 2015) , the established framework of costs and benefits of climate change mitigation and adaptation infrastructure derived implications how to balance global warming responses with economic growth postulates Klasen 2012; Klasen et al. 2015; Klasen and Waibel 2012) .The model innovatively took into account both adaption and mitigation policies. The IAMs used a macroeconomic modeling approach that Semmler and colleagues employed in optimal climate change policy recommendations with respect for country-specificities in order to design and calibrate climate change adaptation and mitigation IAM and the optimal mitigation and adaptation policy mix with real-world relevance for climate protection Semmler 2010, Greiner and Klasen et al., 2015) . In addition, the model calibrated the development versus mitigation versus adaptation policy mix in order to retrieve efficient climate modeling strategies leading to important contributions for the international climate negotiations on the optimal climate policy mix. Using macro-and microeconomic modeling and building on the DICE Model, the outlined costs and benefits of mitigation and adaptation strategies are key in determining security strategies for vulnerable cities, communities and countries and protect them from the variegated climate change risks (Nordhaus, 1994) . The results achieved help multivariate stakeholders for shaping economic growth and sustainable development. The described models will become the basis to be used for modeling climate change burden sharing through bonds. Another important aspect of this type of work will be to also allow for compensation if the cost of mitigation has very uneven distributional effects.
Funding Climate Policies
In order to implement an intra-and intergenerationally fair solution to ensure climate justice, a three-regime approach is proposed. Intragenerationally the issue is how a fair carbon tax can be achieved. Intergenerationally the current generation may require that future generations also contribute to the cost of climate change.
Variant 1: Climate Bonds and Three Phases
A three phase model is outlined that can deal with the intertemporal aspect. In this three phase model current costs of climate change abatement is partly shifted to future generations through bonds to be financed by taxing future generations. Though future generations will face some tax, they will also benefit in the sense that the externalities from CO2 emission and climate change are removed. A simplified model version can be sketched as following.
The Model phase 1 of economic growth without mitigation effort is called business-asusual (BAU). We call this phase 1. The model economy of this type features households in a production economy who choose consumption in order to maximize a discounted stream of utility. Economic households maximize the discounted stream of utility arising from consumption, , is subject to a budget constraint. The utility of this phase is maximized by:
in which ρ>0 is the discount rate.
Economic activities generate emissions of greenhouse gases, as a by-product of capital used in production and expressed in CO2 equivalents. Environmental economics implies that a higher capital stock goes along with higher emissions (Hettich 2000; Smulders 1995 
with the per-capita production accounting for environmental damage being reduced by consumption and per-capita capital accounting for the depreciation of capital δ andpopulation growth n. In the stylized model, growth leads to the increase of industrial emission (Rovenskaya 2005) .
In the BAU model, there are no climate change abatement activities. Yet, environmental damage reduces output by , whereby d and p are parameters (Greiner et al. 2009 . During BAU, the abatement is 0. The technology index a describes how polluting a given technology is insofar as the larger a is given a stock of capital and abatement, the higher the emission is, which implies a relatively polluting technology (Greiner et al. 2009 .
In contrast to the BAU scenario, Model phase 2, with an optimization horizon in (1. As in model 1, the greenhouse gas emission is determined by (1.4). In (1.2) the production function denoting per-capita output is given by
with α ∈ (0, 1) being the capital share and being an efficiency index constant normalized to 1. The greenhouse gas emissions are, as in Model 1, described by (1.5) but with >0.
In model 2 bonds are issued from the beginning to period to period T2 arising
As public debt , where is the interest rate paid on climate change abatement bonds. (0) denotes the starting point of public debt at time 0. We now have a model with three state variables and the abatement cost being reimbursed by the issuing of public bonds. Note that in this period the government subsidizes the generation to compensate for the upfront costs of climate change mitigation. The government reimburses climate change aversion until a regime-change switching, when taxes become positive and later generations pay for earlier climate change abatement through taxation. The later generations are assumed to be willing to pay to avoid the higher costs of climate change relative to a BAU path.
In the Model phase 3, the optimization horizon in (1.1.) is [T2, T3], when no further climate change abatement costs exist and the debt of bonds is to be repaid from period T2 on, after switching to the model 3, we then have instead of equation (1.7):
= τY is used for the repayment of bonds.
From that period on the capital stock over time, ̇, is also reduced by τ in
Note that in the model phase 3 neither an externality effect, , nor climate change abatement cost, , are present. There is no environmental damage but taxation for climate change abatement bonds repayment. Only the previously raised bonds of equation (1.7) will have to be repaid by the generation existing from that period on. These future generations will benefit from the absence of damages from externalities of previous periods. The negative externalities are removed by agents from the previous periods.
Variant 2: Carbon Tax, Climate Bonds and Three Phases
Next follows the research and solution strategy to deal with the issue when from model phase 2 on a carbon tax is also introduced, in addition to the climate bonds. The subsequent two model phases are very similar to the models phase 2 and 3 above and thus only the ideas need to be described here.
In the budget equation of the households in phase 2, equation (1.2), a carbon tax, representing an abatement cost, is introduced that reduces households' income. The tax rate and abatement effort affect equation (1.5) by increasing the denominator by the amount of the abatement effort. The complication is, however, that the tax rate should only be levied on the remaining polluting capital, and as the capital stock becomes more and more green capital the tax income and abatement effort will shrink and eventually disappear (see Moser, Prskawetz and Tragler 2011) .
This carbon tax for the model phase 2 will be set to zero when model phase 3 is reached and only the tax rate for the model phase 3 generation that is repaying the bonds issued in phase 2 will affect the budget equation of the households. The repayment of the issued bonds will in this phase 3 decline the same way as described in equations (1.8) and
(1.9). The phase by phase solution can also be obtained by further numerical calculus.
Discussion and Future Research Directions
Climate change presents specific risks and challenges associated with system failure.
The very logic of increasing globalization carries problems that demand for a redesigning of governance structures and institutional arrangements that reduce the probability of such dangers arising (Centeno et al. 2013) . For this, we first need to understand the nature of the danger. Fragile environmental conditions due to a missing information of systemic risks of climate change underline the importance of a whole-rounded understanding of climate change mitigation and adaptation to overcome future socio-economic losses and avert irreversible tipping points.
There is much literature on the economics of climate change, on causes of climate change, mitigation policies, such as cap & trade, carbon tax, regulatory measures, and on adaptation (Bernard et al. 2012) . The current research attempts to address in particular the funding a burden sharing of climate policies. A further literature review and studies have to be undertaken on the current discussion on sustainable finance and the diverse methods of funding of mitigation and adaptation policies. Particular emphasis will be given to the already existing literature, experiences and practices of issuing climate bonds and its relation to carbon tax. There is substantive literature generated through the IPCC research, international conferences on climate change and global warming abatement that stress the currently most urgent need for climate change mitigation and adaptation policies. A stakeholder-nuanced literature review will cover public and private, organizational and societal stakeholders to retrieve notions on global warming risks and climate change mitigation and adaptation in the international arena with a special focus on climate funding as well as bond solutions. The results will guide the descriptive analysis of climate change mitigation and adaptation strategies.
The theoretical insights gained could lead to a final semi-structured interview guide to explore climate risk notions and success factors to avoid climate change and gain climate justice. Practitioners' bond market actors and finance stakeholders may be recruited comprising of very many stakeholder groups such as banking executives (e.g., financial executives, managers, bank officials); fiduciaries (e.g., private equity, mutual funds, investment managers); institutional investors from central banks, governmental and rating agencies, universities; private investors (e.g., shareholders, etc.) from financial trade agencies; public policy specialists of global governance networks; labor union representatives; nongovernmental organizations (e.g., NGO executives) contacted online; international organizations (e.g., UN, World Economic Forum, Open Society Institute); academics (e.g., professors, assistants, PhD candidates) and media representatives (e.g., journalists, reporters). These activities will be oriented toward producing an interdisciplinary consensus on global climate change risks and formulate guidelines for future research on climate change mitigation and adaptation. The novel model gives rise to ethical questions concerning burden sharing of climate cost for the current generation and between current and future generations. The question is also are future generations willing to contribute to climate stability. While prevention is argued to face more resistance than clean-up of damages in public, given a loss averse world, the rational is to avert future environmental lock-ins and irreversible global warming tipping points at the expense of reversible overindebtedness (Kahneman and Tversky 1979) . While capital is a replaceable asset and overindebtedness raises questions of temporal governmental budget issues, and possibly economic soft or hard landing scenarios, an irreversible global temperature rise and climate imbalances would result in unforeseeable threats to mankind.
Imposing the financial costs of climate mitigation partly onto future world inhabitants for the trade-off of a decent world temperature may thus be justified in the light of the complete replaceability of capital and its non-perishable nature in contrast to natural tipping points and irreversibility of climate change that have been outlined by climate change experts (Oppenheimer et al. 2011 ). Avoiding to pit one generation against the other, earlier generations can enjoy better economic growth, while their descendants will benefit from a favorable climate mitigation policies and infrastructure.
Future research may compile contemporary evidence on the burden of climate change mitigation being unevenly heavy on current generations that has also been implicit in the work of the typical Integrated Assessment Model (Nordhaus), but also being covered in the threshold model (Greiner, Grüne and Semmler 2012; Klasen et al. 2015) . Future research should introduce a new partial model, which works with intertemporal burden sharing to be integrated into a model of infrastructure against climate risk comprising of a better climate change mitigation and adaptation mix.
Building on contemporary modeling and empirical studies (e.g., Puaschunder, 2016a, b) on global warming as well as sensitivity and cost-benefit analyses of emission-constrained technological growth under uncertainty in natural emission (Rovenskaya 2005 (Rovenskaya , 2008 but also adding novel insights derived from Sachs (2014) , future research should employ a DICE-Model
Nordhaus type IAM, to be extended and then calibrated by empirical facts. Solving the economic growth versus sustainability predicament that pits today's against future generations based on Jeffrey Sachs' work (2014) , future work should propose a novel angle towards social environmental justice.
Starting with an overlapping-generations model converted into continuous time IAM, outstanding studies should study climate change abatement and adaptation in order to derive climate change bonds as fairer and socially more just climate solution across generations. In the model, the current generation mitigates global warming through carbon tax and climate bonds, the latter to be repaid by future generations. While the current generation suffers a small income loss as compared without mitigation, the future climate for posterior generations is ensured and thus their well-being improved.
A novel theoretical model and solution techniques will lead to an innovative and feasibly-implementable climate change growth model that considers also the contributions of future generations. While one can find longer decision horizons important for sustainability, a more extended infrastructure model of the Semmler et al. (2011) type can be developed that helps instigate action now for current climate change mitigation and future irreversible environmental damage reduction through bonds repayments in the future. In addition, the welfare effects of the enlarged model variants will be computed and compared. In the case of sustainability bonds, the optimal number of periods and when it is optimal to phase in sustainability bonds should be explored in order to derive recommendations when to switch to mitigation, tax rates and bond issuing and repayment. Thereby, the dynamics of the transition process regarding a regime switch from BAU to mitigation policy and to climate change bond repayments should be discovered. The planned endeavors will elevate the importance of climate justice scholarship whilst deriving implications for climate stability. Emphasizing areas where to apply climate mitigation and where to promote climate adaptation strategies will help deriving practical implications for the private industry and public policy sector. Understanding the different climate risk attitudes but also shedding light on previously unknown climate mitigation and adaptation interdependencies will aid environmental sustainability to ensure a future mankind. For practitioners the prospective results will help lowering institutional downfalls of increasingly interconnected and fragile global networks. For academia, the endeavors will spearhead interdisciplinary research on climate justice and lead to invaluable resources on systemic risk with short-term innovative and long-term historic value for this generation and the following.
